Imperfections in the structure of cohalt 2 85 and the lines with l odd. It seems therefore that the assumption of faults in the cobalt structure, distributed at random along the hexagonal axis, explains satisfactorily both the line-broadening and the difference in breadth between the lines with l even and with l odd. On the theory of finite deformations of elastic crystals The general theory of finite deformation of cubic crystals at zero tem perature is developed to a second-order approximation, and the cases of (1) a uniform hydrostatic pressure, (2) a tension in the direction of one of the axes, (3) a shear along the (0, 1, 0) planes, and (4) a shear along the  (0, 1, 1) planes of the lattice, are worked out in detail. A number of 'secondorder effects' (deviations from Hooke's law) are predicted which in case (1) have been observed and measured by Bridgman, and in the remaining cases certainly can be detected and measured by suitable experimental arrangements. Assuming the particular force law between the particles of the lattice which was first introduced by Mie and Gruneisen, and later used in the investigations of Lennard-Jones and of B om and his collaborators, and using some of the results of the latter authors, the constants governing the above-mentioned second-order effects are expressed in terms of the con stants governing the force law, and calculated numerically for a number of special values of these constants. Thus by comparing the calculated values of these constants with the results of measurements at low tempera ture the unknown force law could probably be determined.
uniform pressure, tension in the direction of one of the crystallographic axes, and shear along the (0, 1, 0) and the (0, 1, 1) planes of the lattice, have been calculated explicitly for the face-centred cubic lattice (the only stable one as shown by Born (1940) and Misra (1940)), and for a special form of force law. For comparison with experiment only Bridgman's high-pressure experiments can be used at present, but other suitable experiments could certainly be performed without great difficulty at low temperatures, the results of which would provide a good test for the theory and the assumed form of the force law.
2.
Consider a cubic lattice with lattice constant a, containing N equal particles. Let a l5 a2, a3 be the vectors determining the elementary cell of the deformed lattice. Then the position vector r* of the lattice point (llf l2,l3)
On the theory of finite deformations of elastic crystals 287 The general relation between the components of the stress Tao and the strain for finite deformations have been formulated by Mumaghan in the paper quoted, by equating the virtual work done by the applied forces, acting on the body, to the corresponding increase in the potential energy. They are, rewritten in the notation given here, j j <i 3>
Here V is the actual volume of the deformed body which can be expressed in terms of the ga» as follows:
It is again more convenient for the present purpose to introduce the variables (6) in ( 
Since in (7) the development is carried out only up to the third-order terms in £, ij all terms of higher order than the second are omitted on the right-hand side of (16); hence one needs only the zero and first-order terms in the development of (17) which accordingly becomes
The equations (16) and (18) together represent the strain-stress relations which reduce to Hooke's law for infinitely small values of £ and 17. I f one wants to solve the problem of determining the deformation of a crystal produced by the application of given external forces, one has to solve these equations with respect to the £'s and 77's. The corresponding change in volume can then be found by substituting these values into (17).
3.
To proceed further, a definite form for the potential energy < f> between two particles of the lattice is assumed, in the form where < j> depends only on the mutual distance r of the particles, and which has been found to represent the actual force law well in many cases ( 
4.
The special case where the crystal is subject to a normal stress 7jz with vanishing X y, Yz, Zx is now treated in detail. By symmetry i}2, t jz must also vanish under these conditions, and the first three equations (16) become with the help of (18) (if all terms of higher than the second order in the £'s are omitted) r " » p g (2+ + -+ -« i), ■ (27) while the remaining three equations (16) are identically satisfied.
Taking the expression (7) for U, using (9) and (12) and again omitting all terms of higher than the second order it follows from (27) <=ii*i + «il (*1 . + *») + 6i*!+6i*1(*! + S») + 6»(*|+*l) + 6.l.*» = 2X^1 
The system of equations (30) 
Hence ( Formula (44) shows that the dependence of the compressibility on the pressure does not vanish even if all the second-order elastic constants are equal to zero. Although there is every reason to believe that the two terms on the right-hand side of (44) will be of the same order of magnitude for every reasonable molecular force law, this fact in itself is not without interest. It is, of course, due to the increase in density of the substance caused by the compression, which can be neglected if the compression is very small. In the paper quoted above Murnaghan comes to the same conclusion for isotropic bodies, and he suggests that the observed dependence of k on the pressure might be explained in this simple manner. 
These formulae enable one to calculate the numerical values of gx and h for different values of the constants m and n of the force law using the figures of tables 2 and 3. Table 4 contains the results of this calculation again for a face-centred lattice, which are also represented graphically in the figure, h is always negative, thus showing that /i* is always smaller than fi. This second-order effect increases monotonically with increasing m and n and becomes infinitely large in the limiting case fi = 1/3. The quantity gx is also always negative, but it decreases first with increasing m and n, passes a minimum and increases afterwards up to a limiting value -4*33 for fi -1/3. Hence the first of these second-order effects is most significant for large values of m and n and the second for small values of these constants.
Formula (63) shows that one gets a finite and negative value of by equating all the y 's to zero. This fact has also been observed before by Murnaghan. Its physical meaning, however, is Very obscure for reasons similar to those given above, and the argument by which this author comes to the conclusion that the theory of finite deformation predicts a maximum of the deformation-tension curve is not convincing, since equation (54) is only a second approximation to the real relation which can differ widely from (54) for large tensions. A further suggestion of Murnaghan relating these effects with the phenomenon of 'yielding' of a solid under tension must also be rejected, for this effect occurs outside the region of elastic deformation and is due to the quite different process of plastic deformation.
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7.
As the next special case we consider a crystal under a shear stress S along the (0, 1, 0) or the (0, 0, 1) planes of the lattice. This implies X x = Yy = Zz = X y = Zx = 0, Ye -S.
By symmetry it further follows that
Vi ~ Vs = >3*
The first three of the equations (16) 
Taking the expressions (7) for *7 one gets from tiiese equations, by using (9) and (12), and neglecting all terms of higher than the first order in £2 and of higher than the second order in rjx CnZi + ZciiZi + YaVi = 0, ci2^i + (Cu + c\i) £2 + |y 2 + "2^ 0,
The last of these equations is identical with the corresponding relation in the classical theory, since % i}x is identical with the strain component yz = zy in Voigt s notation. This shows that Hooke's law for a shear is not affected by second-order effects. Such effects, however, are indicated by the first two of the equations (70) 
The corresponding change in volume is found from equation ( 
The equations (83) are the analogues of the equations (72), and the constants kx, k2 play the same part in the present case as the constants kx, k2 in the former case.
The change of volume produced by the shear S is found from the formula (37), which by means of (80) 
These formulae are the analogues of the formulae (75) and (76) in the former case. Finally, introducing the force law (19) as before, the following equations for the constants kx, k2, X are obtained:
